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(57) ABSTRACT 

A gas-removing device serves to remove impurity gases from 
the air supplied to a fuel cell via an air supply system. The 
gas-removing device includes a porous material and an alter 
nate adsorption membrane. The porous material has 
micropores formed therein in order to absorb impurity gas 
particles contained in the air. The alternate adsorption mem 
brane is formed on the inner Walls of the micropores of the 
porous material in order to further adsorb and retain at least 
one type of impurity gas particles from among the impurity 
gas particles absorbed by the porous material. The alternate 
adsorption membrane includes at least one positively charged 
layer and at least one negatively charged layer laid alternately 
to one another. 

7 Claims, 4 Drawing Sheets 
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GAS-REMOVING DEVICES AND AIR SUPPLY 
SYSTEMS HAVING THE GAS-REMOVING 

DEVICES 

This application claims priority to Japanese application 
serial number 2004-009315, Which application is hereby 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to gas-removing devices for 

removing impurity gases from the air that may be supplied to 
a fuel cell via an air supply system. The present invention also 
relates to air supply systems having such gas-removing 
devices. The fuel cell is knoWn to generate electric energy by 
utiliZing an electrochemical reaction of a fuel gas to the 
oxygen contained in the air. 

2. Description of the Related Art 
A conventional gas-removing device is taught in Japanese 

Laid-Open Patent Publication No. 7-94200. As shoWn in FIG. 
5, a gas-removing device 90 of this publication is provided in 
the air supply system 94 for a fuel cell 92. The gas-removing 
device 90 is used for removing impurity gases, such as 
organic solvent gases, contained in the air via the use of a 
container (not shoWn) ?lled With activated carbon. Therefore, 
to a certain degree it is possible to prevent the potential 
deterioration of an electrolyte of the fuel cell 92 due to chemi 
cal reactions betWeen the electrolyte and the impurity gases 
that may be contained in the air. 

In order to remove the impurity gases from the air the 
gas-removing device 90 of the above publication is con 
structed so as to absorb impurity gas particles into a number 
of micropores formed in the activated carbon. HoWever, the 
impurity gas particles may not be effectively immobilized 
Within the micropores. When the temperature changes or the 
How rate of the air changes the impurity gas particles may 
become dissociated from the micropores and begin to How 
again along With the How of the air. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to pro 
vide techniques that can prevent or minimiZe the dissociation 
of impurity gases after their absorption into the micropores of 
an absorption material, in order to improve the ef?ciency and 
effectiveness of the removal of the impurity gasses. 

According to a ?rst aspect of the current invention, gas 
removing devices are taught for removing impurity gases 
from the air. The air may be supplied to a fuel cell via an air 
supply system. The fuel cell may generate electric energy by 
an electrochemical reaction betWeen a fuel gas and the oxy 
gen contained in the air. The gas removing devices include a 
porous material and a membrane formed on the inner Walls of 
micropores formed in the porous material. The micropores 
absorb impurity gas particles contained in the air. The mem 
brane may retain at least one type of the impurity gas particles 
absorbed by the porous material and may be an alternate 
adsorption membrane that has at least one positively charged 
layer and at least one negatively charged layer alternately 
laminated together. 

Here, the term “absorb” is used to broadly include 
“adsor ”, “attract”, “capture,” and “trap.” The term “adsor ” 
is used primarily to differentiate betWeen absorption via the 
micropores and further absorption via the membrane, i.e., the 
alternate adsorption membrane. 
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2 
When the impurity gas particles are absorbed into the 

micropores of the porous material the impurity gas particles 
(hereinafter called “speci?c impurity gas particles”) are then 
further adsorbed (retained) by the alternate adsorption mem 
brane. Therefore, the speci?c impurity gas particles may not 
become easily dissociated from the micropores of the porous 
material, irrespective of a change in the temperature or a 
change in the How rate of the air. As a result, there is an 
improvement in the ef?ciency of removing the speci?c impu 
rity gases from the air. 

In one embodiment, the impurity gas particles adsorbed by 
the alternate adsorption membrane include SOX gas particles 
and H2S gas particles. With this embodiment, at least the SOX 
gas particles and the H2S gas particles are adsorbed. By 
limiting the kinds of the speci?c gas particles in this Way, the 
number of the charged layers of the alternate adsorption 
membrane can be reduced so as to minimize the manufactur 

ing costs. In addition, the SOX gas and the H2S gas are knoWn 
to signi?cantly deteriorate the electrolyte of the fuel cell. 
Removing at least these gases can effectively extend the life 
ofthe fuel cell. 

In another aspect of the present teachings, the porous mate 
rial is activated carbon ?ber. In general, the micropores of the 
activated carbon ?bers have an average diameter of about 2.5 
nm and are directly open at the outer surfaces of the ?bers. 
Therefore, the impurity gas particles contained in the air may 
be rapidly and directly absorbed into the micropores When the 
air ?oWs along the surfaces of the activated carbon ?bers. 

In one embodiment, the activated carbon ?bers are formed 
into a non-Woven fabric. Therefore, the gas -removing device 
can be easily mounted to a suitable member, such as the ?lter 
element of an air cleaner in the air supply system. 

In another embodiment, the gas-removing device further 
includes resin ?bers mixed With the activated carbon ?bers to 
form the non-Woven fabric. Alternatively, the resin ?bers may 
be formed into at least tWo non-Woven fabrics such that the 
non-Woven fabric of the activated carbon ?ber can be inter 
leaved betWeen the tWo non-Woven fabrics. 

In a further aspect of the present teachings, the porous 
material is an activated carbon granule. In one embodiment, 
the gas-removing device further includes resin ?bers in a 
form of a non-Woven fabric that encloses the activated carbon 
granules. 

In a still further aspect of the present teachings, air supply 
systems are taught that include the gas-removing device, an 
air cleaner, and a compressor. The air cleaner is disposed on 
an upstream side of the gas-removing device and has a ?lter 
element that serves to remove dust and/or oil particles from 
the air. The compressor is disposed on the doWnstream side of 
the gas-removing device. The compressor serves to compress 
the air and to supply the compressed air to the fuel cell. 

With this arrangement, dust and/or oil particles contained 
in the air may not obscure or block the micropores because 
they are removed by the ?lter element of the air cleaner that is 
disposed on the upstream side of the gas-removing device. 
Further, audible pulsation sounds that may be produced by the 
compressor may not signi?cantly leak to the outside environ 
ment via the inlet of the compressor because the gas-remov 
ing device is disposed on the upstream side of the compressor 
and aids in inhibiting the transmission of these sounds. 

In a still further aspect of the present teachings, the air 
cleaner has a housing for accommodating the ?lter element. A 
sound deadening space is de?ned Within the housing on the 
doWnstream side of the ?lter element. The gas-removing 
device is disposed Within the sound deadening space of the 
housing. Therefore, the housing serves to accommodate the 
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air cleaner and also serves to accommodate the gas-removing 
device. Consequently, the manufacturing costs of the air sup 
ply system can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects, features and advantages of the present 
invention Will be readily understood after reading the folloW 
ing detailed description together With the claims and the 
accompanying draWings, in Which: 

FIG. 1(A) is a schematic vieW of an air supply system that 
is adapted to supply air to a fuel cell and includes a gas 
removing device according to one embodiment of the present 
invention; and 

FIG. 1(B) is a schematic vieW of the fuel cell; and 
FIG. 2(A) is an enlarged schematic sectional vieW of a 

surface structure of an activated carbon granule used as a 
porous material of the gas-removing device; and 

FIG. 2(B) is an enlarged vieW ofa portion B in FIG. 2(C); 
and 

FIG. 2(C) is an enlarged schematic sectional vieW of a 
surface structure of an activated carbon ?ber used as a porous 
material of the gas removing device; and 

FIGS. 3(A) to 3(C) are vieWs shoWing the operations of an 
alternate adsorption membrane formed on the porous mate 
rial; and 

FIG. 4 is an enlarged sectional vieW of the alternate adsorp 
tion membrane; and 

FIG. 5 is a schematic vieW of a conventional air supply 
system for supplying air to a fuel cell. 

DESCRIPTION OF PREFERRED EMBODIMENT 

A representative embodiment Will noW be described With 
reference to FIGS. 1(A) and 1(B) through FIG. 4. As sche 
matically shoWn in FIG. 1(A), a gas-removing device 40 is 
provided in an air supply system 30 in order to remove impu 
rity gases from air that is supplied to a fuel cell 10. The fuel 
cell 10 may be used as a poWer source of a fuel cell poWered 

vehicle (not shoWn). 
The fuel cell 10 Will be described in advance of a descrip 

tion of the gas-removing device 1. The fuel cell 10 generates 
electric energy via an electrochemical reaction betWeen 
hydrogen (i.e., a fuel gas) and the oxygen contained in the air. 
As shoWn in FIG. 1(B), the fuel cell 10 includes an anode 14, 
a cathode 16, and an electrolyte 12 interleaved betWeen the 
anode 14 and the cathode 16. The anode 14 receives a supply 
of hydrogen gas from a fuel gas supply system 20. The cath 
ode 16 receives a supply of air (i.e., an oxygen gas) from the 
air supply system 30. 
As shoWn in FIG. 1(A), the fuel gas supply system 20 

includes a hydrogen gas container 22 for storing the hydrogen 
gas, a gas pressure regulator (not shoWn) for regulating the 
pressure of the hydrogen gas supplied from the hydrogen gas 
container 22, and a pipeline 24 that serves to deliver the 
hydrogen gas to the fuel cell 10. 

The air supply system 30 includes an air cleaner 32 for 
?ltrating the air entering from the outside of the vehicle, a 
compressor 34 for pressuriZing or compressing the air that 
has passed through the air cleaner 32, and an air pipeline 36 
that serves to deliver the compressed air to the fuel cell 10. 

The air cleaner 32 of the air supply system 30 has a housing 
32h. An inlet port 32e and an outlet port 32u are formed in the 
housing 32h. A ?lter element 32f is disposed Within the hous 
ing 32h in order to remove dust and oil particles from the air. 
The representative gas-removing device 40 is mounted Within 
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4 
a sound deadening space that is de?ned Within the housing 
32h on the doWnstream side of the ?lter element 32]. 
The air naturally contains impurity gasses. Therefore, the 

gas-removing device 40 is used for removing the impurity 
gasses, such as an SOX gas, an H2S gas, and an NOXgas, from 
the air. The gas-removing device 40 is con?gured as a non 
Woven fabric that is formed by activated carbon ?bers. 
One of the activated carbon ?bers is partly shoWn in FIG. 

2(C) and is labeled With reference number 43. The activated 
carbon ?ber 43 may be a thin ?ber having a diameter in the 
range from about 10 pm to 20 um. As shoWn in FIG. 2(C), a 
number of micropores 43h are formed in the activated carbon 
?ber 43. The micropores 43h may have an average diameter 
equal to or less than about 2.5 nm. In FIG. 2(C), the activated 
carbon ?ber 43 is shoWn in a sectional vieW in a longitudinal 
direction. An enlarged vieW of a portion “B” marked in FIG. 
2(C) is shoWn in FIG. 2(B). The enlarged vieW shoWs the 
micropores 43h in con?gurations that are closer to their actual 
con?gurations. 

In general, When a ?uid contacts With the surface of a solid 
material, sub stances contained in the ?uid may move toWards 
the surface of the solid material. As a result, the concentration 
of the substances contained in the ?uid in a location close to 
the surface of the solid material may become higher than the 
concentration of the substances in other locations. Assuming 
that the solid material in this representative embodiment is an 
activated carbon ?ber 43, the surface of the solid material may 
include the inner Walls of the micropores 43h. The ?uid may 
be air that contains the impurity gas particles as the sub 
stances. Therefore, the impurity gas particles contained in the 
air may move toWard the inner Walls of the micropores 43h so 
as to be absorbed into the micropores 43h. In other Words, 
When the air ?oWs through the activated carbon ?ber 43, the 
impurity gas particles contained in the air may be absorbed 
into the micropores 43h of the activated carbon ?ber (absorp 
tion effect). 
As shoWn in FIGS. 3(A) to 3(C), an alternate adsorption 

membrane 48 may be formed on the surface of the activated 
carbon ?ber 43. Here, the surface includes an outer surface 
43u directly exposed to the outside, and the inner Walls of the 
micropores 43h. For the purposes of illustration, the alternate 
adsorption membrane 48 is not shoWn in FIGS. 2(A) to 2(C). 
The alternate adsorption membrane 48 may chemically 

adsorb speci?c gas particles, such as SOX gas particles, H2S 
gas particles, and NO X gas particles, from among the impurity 
gas particles that may be contained in the air and may be 
absorbed into the micropores 43h. Due to the function of the 
alternate adsorption membrane 48, the speci?c gas particles 
absorbed into the micropores 43h may not readily move to the 
area outside of the micropores 43h, even if the environmental 
temperature has changed or the ?oW rate of the air has 
changed. 

In general, alternately laying positively charged layers and 
negatively charged layers manufactures an alternate adsorp 
tion membrane. In this representative embodiment, a ?rst 
charged layer 4811 and a second charged layer 48b are alter 
nately laid to form the alternate adsorption membrane 48, as 
shoWn in FIG. 4. The ?rst charged layers 48a may adsorb SO X 
gas particles X and NO X gas particles Y. The second charged 
layers 48b may adsorb the H2S gas particles Z. 
The material and method of manufacturing such an alter 

nate adsorption membrane are disclosed in Japanese Laid 
Open Patent Publication No. 2000-334229. The folloWings 
are extracts from the description in this publication With 
regard to the material and method of manufacturing an alter 
nate adsorption membrane. 
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Method of Manufacturing Alternate Adsorption Mem 
brane 

In one embodiment disclosed in this publication, in order to 
manufacture an alternate adsorption membrane, poly-ally 
laminehydrochloride (PAH) having a molecular Weight of 
55000 is used as a positive electrolyte polymer and poly 
acrylic acid (PAA) having a molecular Weight of 90000 is 
used as a negative electrolyte polymer. An aqueous solution 
of poly-allylaminehydrochloride (PAH) of 10-2 mol/l con 
centration and an aqueous solution of poly-acrylic acid (PAA) 
of 10'2 mol/l concentration are prepared and respectively 
stored in a ?rst vessel 100 and a second vessel 200 as shoWn 
in FIG. 1 of this publication. In addition ultra-puri?ed Water 
having a resistance of more than 18 MQ-cm Was prepared as 
a puri?ed Water used for a rinsing bath or the like. 

A glass ?ber mat 30 shoWn in FIG. 5 of the publication is 
used as a substrate of the alternate absorption membrane. The 
glass ?ber mat 30 Was rinsed by ethanol and Was dipped into 
a mixture of sulfuric acid and hydrogen peroxide solution for 
a duration of one hour. The glass ?ber mat 30 Was further 
dipped into a mixture of aqueous ammonia and hydrogen 
peroxide solution. Then, the glass ?ber mat 30 Was again 
rinsed by the puri?ed Water and thereafter dried, so that 
hydrophilic treatment of the surface of the glass ?ber mat 30 
can be performed and the surface of the glass ?ber mat 30 can 
be negatively charged due to incorporation of a hydroxyl 
group. 

The glass ?ber mat 30 thus prepared Was alternately 
immersed into the ?rst vessel 100 and the second vessel 200 
in order to form an alternate adsorption membrane 20 on the 
surfaces of the glass ?bers. Each time that the glass ?ber mat 
30 taken out from one vessel Was transferred to another ves 

sel, the glass ?ber mat 30 Was passed thorough the ultra-pure 
Water bath. The dipping time in each vessel Was controlled 
such that each layer of the alternate adsorption membrane 20 
has a thickness of about 10 to 40 nm. Consequently, the 
alternate adsorption membrane 20 Was formed so as to have 
from 60 to 360 layers. The observation of the detailed surface 
structure of the alternate adsorption membrane by an atomic 
force microscope has con?rmed that each charged layer has 
polymer chains that are intricately intertWined With each 
other in order to provide a porous structure suf?cient for 
permitting permeation of particles having a diameter of up to 
0.1 pm. 

Material of Alternate Adsorption Membrane 
In place of PAH described above, polypyrrole, polyaniline, 

polyparaphenylene (+), polyparaphenylenevinylene, and 
polyethylimine may be used as a positive electrolyte polymer. 
In addition, in place of PAA described above, polyparaphe 
nylene (—), polystyrene sulfonic acid, polythiophene-3-acetic 
acid, polyamic acid, and polymethacrylic acid may be used as 
a negative electrolyte polymer. 

The above method and the material disclosed in the publi 
cation can be used for manufacturing the alternate adsorption 
membrane 48 of the representative embodiment of the present 
invention. Adding additional charged layers chosen so as to 
adsorb different gas particles may increase the number of 
types of gas particles adsorbed by the alternate adsorption 
membrane 48. 

The operation of the gas-removing device 40 Will noW be 
described in relation to the operation of the air supply system 
30. 

First, the compressor 34 of the air supply system 30 is 
driven so as to draW the air outside of the vehicle into the 
housing 32h via the inlet port 32e of the air cleaner 32. Any 
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6 
dust and oil particles contained in the air draWn into the 
housing 32h may then be removed from the air as the air 
passes through the ?lter element 32]. After passing through 
the ?lter element 32], the air may ?oW into the gas-removing 
device 40. As the air passes through the gas removing device 
40, particles of impurity gasses contained in the air may be 
absorbed into the micropores 43h formed in the activated 
carbon ?ber 43, as shoWn in FIGS. 3(A) and 3(B). Then, the 
speci?c gas particles, or the SOX gas particles X, the NO X gas 
particles Y, and the H28 gas particles Z from among the 
absorbed impurity gas particles, may be selectively chemi 
cally adsorbed by the alternate adsorption membrane 48, as 
shoWn in FIG. 3(C). Consequently, the SOX gas particles X 
and the NO X gas particlesY may be adsorbed by the ?rst layer 
4811 of the alternate adsorption membrane 48, While the H28 
gas particles Z may be adsorbed by the second layer 48b, as 
shoWn in FIG. 4. 

In this Way, the SOX gas particles X, the NOX gas particles 
Y, and the H28 gas particles Z, may be removed from the air 
as the air passes through the gas-removing device 40. After 
passing through the gas-removing device 40, the air may ?oW 
into the compressor 34 via the outlet port 32u. The air may 
then be compressed to a predetermined pressure and subse 
quently delivered to the cathode 16 of the fuel cell 10. 

Thus, the air may be delivered to the fuel cell 10 from 
Which the SOX gas particles X, the NOX gas particles Y, and 
the H28 gas particles Z have been removed. Therefore, it is 
possible to prevent or minimiZe possible deterioration of the 
electrolyte 12 of the fuel cell 10 caused by impurity gasses. As 
a result, the life of the fuel cell 10 can be extended. 

In addition, as described previously, according to the rep 
resentative gas-removing device 40, the alternate adsorption 
membrane 48 covers the inner Walls of the micropores 43h of 
the activated carbon ?ber 43. Therefore, the alternate adsorp 
tion membrane 48 selectively chemically adsorbs speci?c 
impurity gas particles (such as the SOX gas particles) from 
among the impurity gas particles absorbed by the micropores 
43h. After adsorption, the speci?c gas particles may not 
readily move aWay from the micropores 43h irrespective of a 
change in the environmental temperature or a change in the 
How rate of the air. As a result, there is an improvement in the 
removing ef?ciency of the speci?c impurity gases contained 
in the air. 

Further, in this representative embodiment, the activated 
carbon ?bers 43 serve as a porous material having micropores 
43h. The micropores 43h have an average diameter equal to or 
less than about 2.5 nm and directly open at the outer surface 
of the activated carbon ?bers 43. Therefore, the impurity gas 
particles may be rapidly absorbed into the micropores 43h. 

Furthermore, any dust or oil particles that may be con 
tained in the air may not obstruct or block off the micropores 
43h because the gas-removing device 40 is disposed on the 
doWnstream side of the ?lter element 32f of the air cleaner 32. 
In addition, any pulsation sounds produced by the compressor 
34 may be inhibited from being transmitted to the outside 
environment via the inlet of the compressor because the gas 
removing device 40 is disposed on the upstream side of the 
compressor 34. 

Still furthermore, the gas-removing device 40 is disposed 
Within the sound deadening space de?ned in the housing 32h 
for accommodating the air cleaner 32. In other Words, the air 
cleaner 32 and the gas-removing device 40 are accommo 
dated Within a common housing, i.e., the housing 32h. As a 
result, the manufacturing cost of the air supply system 30 can 
be reduced. 

In the representative embodiment described above, non 
Woven fabric formed by activated carbon ?bers 43 mainly 
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constitutes the gas-removing device 40. However, a mixture 
of activated carbon ?bers 43 and resin ?bers may form the 
non-Woven fabric. In addition, the gas-removing device 40 
may include another non-Woven fabric formed by resin ?bers. 
For example, the non-Woven fabric formed by activated car 
bon ?bers 43 may be interleaved betWeen tWo layers of non 
Woven fabric formed by resin. 

In addition, although the activated carbon ?bers 43 are used 
as a porous material in the above representative embodiment, 
other forms such as activated carbon granules may be used in 
place of the activated carbon ?bers 43. In such a case, a 
non-Woven fabric formed by resin ?bers may preferably 
enclose the activated carbon granules. 

FIG. 2(A) shoWs an enlarged sectional vieW of a part of an 
activated carbon granule 45 that may be used as a porous 
material of the present invention. As shoWn in FIG. 2(A), a 
number of pores 45w are formed in the outer surface of the 
activated carbon granule 45. In general, the pores 45w (only 
one pore 45w is shoWn in FIG. 2(A)) may have an average 
diameter of about 100 pm. A number of micropores 45h are 
formed to extend from the inner Wall of each pore 45w. 
Therefore, the impurity gas particles, such as SOX gas par 
ticles, H2S gas particles, and NOX gas particles contained in 
the air, may ?rst enter the pores 45w and may then be 
absorbed into the micropores 45h. In this Way the activated 
carbon granules 45 may function in the same manner as the 
activated carbon ?bers 43, although the time necessary for 
absorbing the impurity gas particles may be longer than the 
time required for absorbing the impurity gas particle via by 
the activated carbon ?bers 43. 

Further, in the above representative embodiment, the ?lter 
element 32f of the air cleaner 32 is separated from the gas 
removing device 40. HoWever, the ?lter element 32f and the 
gas-removing device 40 may be con?gured together as an 
integral module. 

Lastly, the number of types of gas particles adsorbed by the 
alternate adsorption membrane 48 may be increased by add 
ing additional charged layers chosen so as to adsorb different 
types of gas particles, although the alternate adsorption mem 
brane 48 is designed to adsorb the particles of SOX gas, H2S 
gas, and NOX gas in the representative embodiment. 

The invention claimed is: 
1. An air supply system for supplying air to a fuel cell, 

Wherein the fuel cell generates electric energy by an electro 
chemical reaction betWeen a fuel gas and oxygen contained in 
the air, the air supply system comprising: 
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an air cleaner disposed on an upstream side of the fuel cell 

and having housing; 
a ?lter element disposed Within the housing of the air 

cleaner and arranged and constructed to remove dust 
particles from the air; and 

a gas-removing device disposed Within the housing of the 
air cleaner on the doWnstream side of the ?lter element 
and arranged and constructed to remove impurity gases 
from the air; 

Wherein the gas-removing device comprises: 
activated carbon ?bers having micropores formed therein 

in order to absorb impurity gas particles contained in the 
air, the micropores having inner Walls; and 

an alternate adsorption membrane formed on the inner 
Walls of the micropores of each of the activated carbon 
?bers in order to further adsorb at least one type of 
impurity gas particles from among the impurity gas par 
ticles absorbed by the porous material, the alternate 
adsorption membrane comprising at least one positively 
charged layer and at least one negatively charged layer 
alternately laid together. 

2. The air supply system as in claim 1, Wherein the acti 
vated carbon ?bers include those having micropores that are 
directly exposed to the outside of the activated carbon ?bers. 

3. The air supply system as in claim 1, Wherein the acti 
vated carbon ?bers are formed into a non-Woven fabric. 

4. The air supply system as in claim 3, Wherein the gas 
removing device further includes resin ?bers mixed With the 
activated carbon ?bers to form the non-Woven fabric. 

5. The air supply system as in claim 3, Wherein the gas 
removing device further includes resin ?bers formed into at 
least tWo non-Woven fabrics, and 

Wherein the non-Woven fabric of the activated carbon ?bers 
is interleaved betWeen the tWo non-Woven fabrics. 

6. The air supply system as in claim 1, further comprising 
a compressor disposed on a doWnstream side of the air cleaner 
and arranged and constructed to compress the air and to 
supply the compressed air to the fuel cell. 

7. The air supply system as in claim 6, 
Wherein a sound deadening space is de?ned in the housing 

of the air cleaner on the doWnsteam side of the ?lter 
element; and 

Wherein the gas-removing device is disposed Within the 
sound deadening space of the housing. 

* * * * * 


